We present ground-based optical and near infrared photometric observations and Hubble Space Telescope COS spectroscopic observations of the old nova V842 Cen (Nova Cen 1986). Analysis of the optical light curves reveals a peak at 56.5±0.3s with an amplitude of 8.9±4.2 mma, which is consistent with the rotation of a magnetic white dwarf primary in V842 Cen that was detected earlier by Woudt et al., and led to its classification as an intermediate polar.However, our UV lightcurve created from the COS time-tag spectra does not show this periodicity. Our synthetic spectral analysis of an HST COS spectrum rules out a hot white dwarf photosphere as the source of the FUV flux. The best-fitting model to the COS spectrum is a full optically thick accretion disk with no magnetic truncation, a low disk inclination angle, low accretion rate and a distance less than half the published distance that was determined on the basis of interstellar sodium D line strengths.Truncated accretion disks with truncation radii of 3R wd and 5R wd yielded unsatisfactory agreement with the COS data. The accretion rate is unexpectedly low for a classical nova only 24 years after the explosion when the accretion rate is expected to be high and the white dwarf should still be very hot, especially if irradiation of the donor star took place. Our low accretion rate is consistent with low accretion rates derived from X-ray and ground-based optical data.
Introduction
The old nova V842 Cen (Nova Cen 1986) was discovered on 1986 November 22 by McNaught (1986) and reached a maximum magnitude of 5.6 from its pre-outburst brightness of about 18.5. Whitelock (1987) and Sekiguchi et al. (1989) estimated the t 3 decay time to be 48 d, thus classifying it as a moderately fast nova. Since 1987, this object has been followed with photometric and spectroscopic observations from the ground and in space. A summary of observations through 2005 is given by Schmidtobreick et al. (2005) who concluded at that time that there was still insufficient time for the nova to have cooled down as either the white dwarf itself or a region of the accretion disk remained very hot, as evidenced by an extremely blue continuum and the presence of high excitation lines.
IUE observations in 1987 (Krautter & Snijders 1990 ) provided a measurement of E(B-V) = 0.55 from the 2200Å feature and a subsequent distance near 1200 pc. A later IUE observation obtained in 1991 (Gonzalez-Riestra et al., 1998) revealed the spectrum of this nova still showed emission lines of CIII (1175), SiIV (1400), NIV], CIV (1550), HeII (1640) but no CIII] (1909). The UV energy distribution became increasingly flatter during the time period when IUE spectra were obtained (1987) (1988) (1989) (1990) (1991) , indicating the gradual cooling of the heated white dwarf. On the basis of a non-detection of V842 Cen during the ROSAT survey, Gonzalez-Riestra et al. (1998) concluded that nuclear burning had largely shut off, thus giving a turn-off time of approximately 3.5 years.
Two different studies have provided evidence that the system is being viewed at low orbital inclination, Woudt & Warner (2003) from the lack of orbital variation and Schmidtobreick et al. (2005) from the width of the Balmer lines. Schmidtobreick et al. (2005) interpret their spectra and photometric observations as suggesting that V842 Cen is a low mass transfer object intermediate between novae and dwarf novae. This in turn suggests that V842 cen could represent an important test case for the hibernation theory of cataclysmic variables (Shara et al. 1986 ).
High speed photometry obtained in 2000 (Woudt & Warner 2003) showed no persistent short timescale periodicity, but further photometry in 2008 (Woudt et al. 2009 ) revealed light curves that exhibited a coherent light modulation at 56.825 s, which they took as the rotation period of the white dwarf. Sidebands were apparent that were indicative of re-processing from a surface moving with an orbital period of 3.94 h. Based upon their observations, they classified V842 Cen as an intermediate polar (IP) of the DQ Herculis subclass (Woudt et al. 2009) . If the 57 second periodicity is the rotation period of the accreting white dwarf, then V842 Cen would contain the 3rd most rapidly rotating white dwarf among IPs. The fact that a 57s periodicity was seen suggests that the mass transfer rate had declined significantly since the nova outburst. Luna et al. (2012) obtained XMM-Newton X-ray spectra in 2011 which were consistent with the emission from an absorbed thin thermal plasma with a temperature distribution given by an isobaric cooling flow. From their cooling flow model fit and its corresponding kT max (43 keV), they derived a very high temperature in the shocked region. Following the method of Yuasa et al. (2010) , they obtained a mass for the white dwarf in V842 Cen of M wd = 0.88M ⊙ . Surprisingly however, they failed to detect the 57s periodicity found by Woudt et al. (2009) , in either the OM data or the EPIC data. In addition, the X-ray luminosity appears to be much lower than other IPs, especially considering the system's low inclination and thus direct visibility of the accretion region.
To make further progress in understanding the decline and return to quiescence of this post-nova as well as the physical properties of the hot primary component, we obtained a Hubble Space Telescope (HST) ultraviolet spectrum along with ground-based optical and near-IR photometry. These observations, an analysis of the UV spectrum with synthetic spectra, and our conclusions are presented in the sections below.
Hubble Space Telescope COS Observation
We observed V842 Cen with HST on 18 March 2010 from 16:50:05 to 17:27:59 UT. The instrumental setup used the COS/FUV configuration through the primary science aperture with the G140L grating in TIMETAG mode for an exposure time of 2,274 seconds.There were no reported problems during the observation and the obtained spectrum had a S/N∼20:1. The data were downloaded from MAST and processed through the standard pipeline. The default extraction for the G140L grating is 57 pixels. We de-reddened the data by adopting a color excess E(B-V) = 0.55 and using the IDL routine UNRED. The original COS spectrum, smoothed but without de-reddening, is displayed in Fig.1 . In Fig.2 , we display the COS spectrum of V842 Cen, de-reddened with E(B-V) = 0.55 with the identified line features labelled and artifacts identified in the figure caption. In order to optimize the spectrum for the light curves, we extracted with the optimum width of 41 pixels as found by maximizing the S/N through extractions using a series of widths.
UV and Optical Light Curves and Periods
A light curve was created from the COS spectrum by binning the time-tag data into 6 sec bins (comparable to the optical data) and summing the fluxes over all useful wavelengths from 1127-2000Å. The resulting lightcurve was converted to fractional intensity for DFT analysis. The optical light curve was treated in the same manner. Then the DFTs were computed and the white noise determined empirically with the shuffling technique described in Kepler (1993) and Mukadam et al.(2010) .
The top panel of Figure 3 shows the original COS light curve and DFT. Since there was a large change in flux from the start to the end of the observation, the trend was removed and the resulting residual light curve is shown in the second panel. The computed DFTs of the original and residual light curves are shown in the two bottom panels. The dashed line in the residual DFT shows the 3σ limit for the white noise as 9.5 mma (with unit of milli-modulation amplitude). There is no visible short period evident near this level.
The optical light curve was treated in the same fashion and is shown in Figure 4 . The length of the optical light curve is similar to the COS data, but was obtained about 15 hours earlier. For the optical data, we used a standard IRAF (Tody 1993) reduction to extract sky-subtracted light curves from the CCD frames using PSF fitting. After a preliminary reduction, we converted the lightcurve to differential magnitude and the mid-exposure times of the CCD images to heliocentric julian date (HJD). Magnitudes are used for the original light curve (top panel) to provide an easy comparison to past data of Woudt et al. (2009) . As with the UV data, the decreasing long trend in the light curve was removed to create a residual light curve (in fractional intensity) in the second panel. The bottom panels show the resulting DFTs. There is clearly a peak at 56.5±0.3s with an amplitude of 8.9±4.2 mma. While the noise level is high due to the short duration of the light curve, this period is greater than the 3σ noise level of 7.5 and consistent with the period present in the 2008 data of Woudt et al. (2009) . The amplitude is higher than the value in 2008 (4.2mma).
Synthetic Spectra of Photospheres and Disks
We Constructed a grid of theoretical, high gravity, solar composition photospheric spectra by first using the code TLUSTY (Version 203) (Hubeny 1988) to calculate the atmospheric structure which served as input to build the synthetic spectra with the code SYN-SPEC (Version 48) (Hubeny and Lanz 1995) . We compiled a library of photospheric spectra covering the temperature range from 15,000K to 70,000K in increments of 1000 K, and a surface gravity range, log g = 7.0 − 9.0, in increments of 0.2 in log g (Ballouz and Sion 2009).
We also used model accretion disks extracted from the optically thick, accretion disk model library of Wade & Hubeny (1998) . For these models, we took the innermost disk radius, R in , to be fixed at a fractional white dwarf radius of x = R in /R wd = 1.05. The outermost disk radius, R out , was selected such that T ef f (R out ) is 10,000K since disk annuli beyond this radius have cooler zones with larger radii, thus providing only a very small contribution to the mid and far UV disk flux, including the COS FUV bandpass. The disk models are steady state in the sense that the mass accretion rate is assumed to be the same for all radii. With these definitions, the run of disk temperature with radius is expressed as:
(1) where x = r/R wd and σT
Limb darkening of the disk is fully taken into account in the manner described by Diaz et al. (1996) involving the Eddington-Barbier relation, the increase of kinetic temperature with depth in the disk, and the wavelength and temperature dependence of the Planck function (Ballouz & Sion 2009). The boundary layer contribution is ignored in our model fitting. Thus, the boundary layer is expected to be important only in the extreme ultraviolet below the Lyman limit. Disk truncation was not included in this work.
In addition, for the purpose of handling disk truncation, we also constructed standard alpha accretion disk models for which we could vary the disk truncation radius. These models, like the Wade and Hubeny (1998) grid are standard alpha disk models (Shakura & Sunyaev 1973) , having the viscosity due to MHD turbulence, and with energy dissipated locally in the vertical direction. Each disk model consisted of N rings of radii r i (i = 1, 2, ..N), where the temperature T (r i ) and density (ρ(r i )) of each ring are given by the standard disk model. The codes TLUSTY & SYNSPEC are then used to generate spectra for each of the disk rings, with the white dwarf mass, mass accretion rate, and radius of the ring as input. The individual spectra of the rings are then added together to generate a disk spectrum for a given inclination and assumed limb darkening (Ballouz and Sion 2009; Godon et al.2012) .
Our fitting procedure is as follows. The best-fitting single temperature white dwarf model and the best-fitting accretion disk-only model to the observed spectrum were found. Depending upon the success of these fits, we assessed the possibility of whether a combination of a disk plus a white dwarf resulted in a statistically significant improvement to the fits compared iwth that achieved with disks or photospheres alone. Using two χ 2 minimization routines, either IUEFIT for disks-alone and photospheres-alone or DISKFIT for combining disks and photospheres or two-temperature white dwarfs, χ 2 values and a scale factor were computed for each model or combination of models (Godon et al.2012) . The scale factor, S, normalized to a kiloparsec and solar radius, can be related to the white dwarf radius R through: F λ(obs) = SH λ(model) , where S = 4πR 2 d −2 , and d is the distance to the source. For the white dwarf radius, we use the mass-radius relation from the evolutionary model grid of Wood (1995) for C-O cores. The best-fitting model or combination of models was chosen based not only upon the minimum χ 2 value achieved, but also the goodness of fit of the continuum slope, the goodness of fit to the observed Lyman Alpha region and consistency of the scale factor-derived distance with other distance estimates (Ballouz et al.2009 ).
Fitting Strategy and Results
Given that the V842 Cen is a relatively young post-nova, it was expected that the white dwarf remains very hot and that the accretion rate should be quite high due to irradiation and/or bloating of the donor star by the nova event. However, the spectroscopic study by Schmidtobreick et al.(2005) presented evidence that the accretion rate in V842 Cen is considerably lower than expected. Moreover, the XMM study of Luna et al.(2012) revealed a surprisingly low accretion rate, given that the system underwent a nova so relatively recently. Indeed, the X-ray luminosity of V842 Cen appears to be below the flux level of other low inclination IPs where the accretion region is directly visible (Woudt et al.2009 ). If the accretion rate is as low as indicated by Luna et al. (2012) , then it is possible that the underlying white dwarf photosphere is exposed in this old nova since the disk luminosity and the temperatures/luminosities of the accretion spots would be low enough that the white dwarf photospheric FUV flux dominates. However, the problem with seeing primarily the white dwarf or a low disk luminosity is that the V magnitude of the system is still 2 magnitudes brighter than at quiescence. An argument in favor of a disk is that the V-J color of 1 is more consistent with a disk than a hot WD. If the underlying WD photospheric in V842 Cen is exposed, then this is a rarity among IPs since they are not known to undergo low states and the WD photospheric light is typically swamped by the accretion light of the heated polar spots and the accretion curtains.
Given that the intermediate polar status of V842 Cen is not solidly confirmed but rests solely on the optical data, we explored model fitting using full accretion disk models alone, as though the WD is non-magnetic. Since the low accretion rate in this old nova suggests that the white dwarf is exposed, then we also explored model fitting of the HST COS data with single temperature white dwarf photospheres.
Our first fitting experiment implicitly assumed that V842 Cen is a non-magnetic nova. Therefore, we utilized single temperature, solar composition white dwarf models. For this procedure, we fitted the COS spectrum with a total of 560 photosphere models between 15,000K and 70,000K with log g varying from 7 to 9. Without exception, the fits were poor with either the Lyman alpha profile being far too broad when the continuum had the correct slope or with fair agreement to the Lyman Alpha profile but a markedly incorrect continuum slope. Moreover, the distances yielded by the photosphere fits are implausibly close. Hence, we have ruled out that the COS spectrum arises from a white dwarf photosphere. In Figure  5 , a typical photosphere fit to the COS spectrum is shown with Teff = 31,000K, Log g = 8.6.
Our next fitting attempt used full accretion disks from the model grid of Wade and Hubeny (1998) . There is substantial observational evidence supporting a low inclination for V842 Cen but we explored all inclinations in the grid models. Out of the roughly 900 disk models using every combination of i, M wd , we tried to pinpoint the best-fitting accretion-disk model, WD model or combination of a disk and WD. The full disk models yield quite good fits for low mass accretion rates, leading to distances of a few hundred parsecs. The inclusion of a model WD with the disk model fits did not yield any significant improvement. The best fitting full accretion disk fit hasṀ = 10 −10 M ⊙ yr −1 , i = 41
• , but a distance of only 210 pc if the WD mass is 0.8M ⊙ . If M wd = 1.2M ⊙ , then d = 281 pc. To obtain greater distances, close to 1 kpc, then Mdot has to be ¿Ṁ= 3.0 × 10 −9 M ⊙ yr −1 , for M wd = 0.8 − 1.2M ⊙ . All lower mass white dwarfs (hence larger radii) are ruled out as the distance becomes shorter. In Figure 6 , we display the best-fitting full disk. The blue regions in the figure are masked out of the fit for which the χ 2 = 5. Lower and higher inclinations than i = 41
• do not yield a distance >250 pc. Models that yielded larger distances up to 500pc deviate significantly and have much larger χ 2 values.
Given the strong possiblity that V842 Cen is an intermediate polar, trunacted accretion disk models are needed for comparison with the HST COS data. But for a magnetic accretor, additional free parameters are introduced to the fitting such as the field strength, magnetic moment, disk truncation radius, and flux components associated with the accretion spots and the accretion curtains. Since the magnetic field strength of the white dwarf is unknown, the truncation radius of the accretion disk is a free parameter. We made a first guess at the magnetic moment of the white dwarf by comparing it with magnetic WDs in intermediate polars tabulated by Belle & Sion (2009) and Mukai (2012) . We created full accretion disk models using TLUSTY and SYNSPEC. We then subtracted out inner annuli that had radii less than the inner disk radius. Because accretion disks do not have UV flux-contributing annuli past R wd , we used the inner disk radius calculated from the optical emission line wings. From optical emission line wing velocities, assuming a Keplerian disk, R in = 2.5 -9.0 R wd . We then subtracted out inner annuli that had radii less than the inner disk radius. We used the magnetic parameters of EX Hydrae as approximate input for our truncated disk models for V832 Cen since the WD masses and lower accretion rates of the two systems appear similar. We adopted a magnetic moment of ∼ 5 × 10 33 Gcm 3 (Norton et al.2004 ) and truncation radii of 3 R wd and 5 R wd .
We carried out truncated disk fits to the COS data for truncation radii of 3 R wd and 5 R wd . For both truncation radii, and for disk inclinations of i = 15
• , i = 40
• , and i = 60
• , none of the fits were satisfactory. For M wd = 0.8 − 1.2M ⊙ , the entire disk is only 10 R wd to 12 R wd in diameter so a truncation of the disk radius in that range leaves only a few annuli or no annuli at all. In Figure 7 , we display a truncated disk fit for a disk inclination i = 15
• , a WD mass M wd = 0.8M ⊙ and accretion rateṀ = 3.0 × 10 −10 M ⊙ yr −1 . Figures 8 and 9 show truncated model fits for the same parameters as Figure 7 but with disk inclinations of i = 40
• and i = 60
• , respectively. If the accretion rate were increased aboveṀ = 10 −10 M ⊙ yr −1 , then the accretion rate and diameter of the truncated disk would increase but the increased mass residing in the outer disk and the higher accretion rate would contradict the observations of Schmidtobreick et al.(2005) , Woudt et al. (2009), and Luna et al.(2012) demonstrating that the accretion rate is low.
Discussion
The optical spectroscopic and photometric studies, including the optical data presented in this work, lend support to the classification of V842 Cen as an intermediate polar. However, there are major difficulties with the intermediate polar classification. The lack of a detection of the spin period in the UV COS data is also a problem. The non-detection of X-rays by three different X-ray observatories, ROSAT, SWIFT and XMM-Newton and hence no X-ray signature of spin casts serious doubt on the IP classification. Moreover, our bestfitting, and simplest, accretion disk model of the HST COS observation is a full optically thick, steady state accretion disk with no magnetic truncation and a distance shorter than 500 pc. Our model fitting of the HST COS data rules out a white dwarf photosphere as the source of the FUV flux and indicates a surprisingly low accretion rate for a classical nova only 26 years after the explosion in 1986 when the accretion rate is expected to be high and the white dwarf should still be very hot. Indeed, the best model fit that we achieved was with a full optically thick disk appropriate for a non-magnetic white dwarf. This best-fit model has a solar mass white dwarf, i = 40
• ,Ṁ= 3.0 × 10 −10 M ⊙ yr −1 with a scale-factor derived distance of several hundred pc but still well below the distance of Sekiguchi et al.(1989) and Gill and O'Brien (1998) of 1 kpc.
Despite the indicators discussed above, one cannot rule out that V842 Cen is an IP, based upon the optical observations alone. However, definitive proof of an IP usually requires confirmatory X-ray observations (K. Mukai, private communication) . It is possible that the X-ray emission was either gone or reduced in amplitude at the time of the X-ray observations or that the X-rays were absorbed by material above the disk plane. It is possible that the magnetic field of the white dwarf in V842 Cen is weaker than in other IPs with stable rotational signals from rotating white dwarf primaries (Woudt et al. 2009 ). In this scenario, a more weakly magnetic rotating white dwarf would not exhibit a strong rotational signal for very long after the nova event because the magnetosphere of the WD is crushed by the ram pressure of the accretion flow. On the other hand, this scenario for V842 Cen requires that the enhanced accretion flow induced by irradiation of the donor be unexpectedly shortlived and the cooling of the very hot, post-nova white dwarf would be surprisingly rapid. The observational constraint that V842 Cen's supersoft phase was no longer than 3.5 years may support extraordinarly rapid post-outburst evolution. In any event, the accretion rate is surprisingly low and the hot component cooler than expected for only 24 years postnova, especially if irradiation of the donor star took place. Our interpretation remains fraught with puzzles. Why is the spin not evident in the FUV (or X-rays)? Why is the V-magnitude two magnitudes brighter than pre-outburst if the accretion rate is low? Why is there a large variation (in UV flux (and optical to a lesser degree) during the 40 minutes of observation when, at low inclination,a full disk should be flat? Clearly, further observations and modeling are required before this conclusion becomes irrefutable. The fact is that our present knowledge of post-nova behavior is poor and the broad spectroscopic diversity seen among post-novae with similar elapsed times since their outbursts is not yet understood. 
